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Glutathione S-transferase genotypes and stomach cancer in
a population-based case-control study in Warsaw, Poland
Qing Lan?, Wong-Ho Chow?, Jolanta Lissowska®, David W. Hein®,

Kenneth Buetow?, Lawrence S. Engel?, Butian Ji2, Witold Zatonski® and

Nathaniel Rothman?

Glutathione S-transferases are important in the
detoxification of a wide range of human carcinogens.
Previous studies have shown inconsistent associations
between the GSTT1 and GSTM1 null genotypes and
stomach cancer risk. We investigated the relationship
between these and related genotypes and stomach cancer
risk in a population-based case-control study in Warsaw,
Poland, where stomach cancer incidence and mortality
rates are among the highest in Europe. DNA from blood
samples was available for 304 stomach cancer patients
and 427 control subjects. We observed a 1.48-fold
increased risk for stomach cancer (95% confidence
interval 0.97-2.25) in patients with the GSTT7 null
genotype but no evidence of increased risk associated
with the GSTM1, GSTM3 or GSTP1 genotypes.
Furthermore, the stomach cancer risk associated with the
GSTT1 null genotype varied by age at diagnosis, with odds
ratios of 3.85, 1.91, 1.78 and 0.59 for those diagnosed at
ages less than 50, 50-59, 60-69 and 70 years or older,

Introduction

Stomach cancer incidence and mortality rates in War-
saw, Poland, are among the highest in Europe
(Zatonski et al., 1996). Cigarette smoking and a history
of stomach cancer in a first-degree relative have been
associated with gastric cancer in Warsaw (Chow er a/.,
1999; Lissowska ez al., 1999). It is possible that differ-
ences in carcinogen metabolism may contribute to the
risk of stomach cancer in this population.

Glutathione S-transferases (GSTs) are a supergene
family of enzymes. In humans, there are at least 13
GST enzymes belonging to five families, namely o
(GSTA), p (GSTM), m (GSTP), o (GSTS) and ©
(GSTT) (Mannervik er al., 1992). GSTs catalyze a
variety of reducing glutathione-dependent reactions
with electrophilic substrates, which include active carci-
nogen metabolites (Hayes and Pulford, 1995). GSTM1
and GSTTI are of particular interest because of their
involvement in the detoxification of reactive metabo-
lites resulting from tobacco smoke (Kelsey ez a/., 1997,
Jourenkova e al., 1998; Jourenkova-Mironova e al.,
1999). Homozygous deletions in GSTMI and GSTTI

0960-314X © 2001 Lippincott Williams & Wilkins

respectively (Ptrend = 0.01). This was due to a shift in the
GSTT1 genotype distribution across age groups among
stomach cancer patients only. These results suggest that
the GSTT1 null genotype may be associated with
increased risk of stomach cancer. Pharmacogenetics
11:655-661 © 2001 Lippincott Williams & Wilkins
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genes cause an absence of GSTM1 and GSTTI1
enzyme activities (Seidegard e a/., 1988; Hayes and
Pulford, 1995). Several published studies have evalu-
ated the relationship between GS7MI andfor GSTT1
and the risk of gastric cancer with inconsistent results
(Hayes and Pulford, 1995; Deakin ez a/., 1996; Katoh ez
al., 1999; Setiawan ez al., 2000). For the GSTPI gene,
GSTPI*B and GSTPI*C, two variant alleles, have been
detected in addition to the wild-type allele GSTPI*A
(Ali-Osman e al., 1997). GSTPI has been shown to
detoxify active metabolites of polycyclic aromatic hy-
drocarbons, which are among the main carcinogens in
tobacco smoke (Ali-Osman ez «/., 1997). However, a
study by Katoh er /. (1999) found no association
between GSTPI and risk of stomach cancer.

In the GSTM3 gene, the GSTM3*A wild-type and
GSTM3*B variant alleles have been described. The
GSTM3*B variant allele contains a recognition motif for
the YY1 transcription factor, which has been postulated
to regulate gene expression (Inskip ez /., 1995). This
suggests that GSTM3*A and GSTM3*B express differ-
ent levels of enzyme and that different GSTM3
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genotypes may confer different rates of carcinogen
metabolism, although we are not aware of any reports
to date on the relationship between GSTM3 and
stomach cancer risk.

Different GST isoenzymes exhibit overlapping sub-
strate specificities (Hayes and Pulford, 1995). Deficien-
cies in a given GST isoenzyme may be compensated
by other GST isoforms or through alternative metabolic
pathways. Therefore, it is important to determine all of
the relevant genotypes in a given gene family. The
purpose of this study was to examine the relationship
between GSTTI, GSTMI, GSTM3 and GSTPI geno-
types and stomach cancer risk, and to determine
whether there were any interactions between various
combinations of those genotypes and tobacco smoke.

Materials and methods

Data were derived from a population-based case-control
study of stomach cancer that was carried out in Warsaw,
Poland, between 1994 and 1996. The study population
has been described in detail previously (Chow ez al.,
1999). In brief, cases consisted of persons newly diag-
nosed with stomach cancer between 1 March 1994 and
30 April 1996, who were identified by collaborating
physicians in each of the 22 hospitals serving the study.
In addition, Cancer Registry files were reviewed reg-
ularly to ensure completeness of case ascertainment.
Controls were randomly selected from among Warsaw
residents using a computerized registry of all legal
residents of Poland. They were frequency-matched to
cases by gender and by age in 5-year strata. Detailed
information on lifetime tobacco use, alcohol consump-
tion, family history of stomach cancer, childhood living
conditions and usual diet prior to 1990 was recorded
during a personal interview.

Of the 515 eligible patients identified, interviews were
conducted in-person for 324 patients (62.9%) and with
the next of kin of 140 patients (27.2%). A 30 ml blood
sample was collected from 304 patients (63.3%). Tumor
samples were collected from most deceased patients,
but few could be analyzed for genetic polymorphisms
because of the inadequate quality or quantity of their
DNA.

Of the 549 controls identified, 480 (87.4%) agreed to be
interviewed and 433 (78.9%) agreed to donate a 30 ml
blood sample.

Genotyping

DNA extraction was performed using protocols by Daly
et al. (1996). For detection of GSTMI*0 homozygotes,
the method of Zhong er a/. (1993) was used. GSTM3
and GSTPI genotypes were determined using polymer-
ase chain reaction—restriction fragment length poly-
morphism (PCR-RFLP) methods described by Inskip

et al. (1995) and Watson ¢ a/. (1998). The GSTT1 assay
used the method described by Voltz e al. (1999;
unpublished data), which detects the gene deletion
described by Pemble e7 a/. (1994) and a SNP defining a
T824C transition in the 3’ untranslated region (UTR)
of GSTTI. DNA samples were genotyped blind to
case—control status.

In brief, for the GSTM1 assay, amplification was carried
out using primers 5-CGCCATCTTGTGCTACA
TTGCCCG-3', 5-ATCTTCTCCTCTTCTGTCT-3'
and 5'-"TTCTGATTGTAGCAGATCA-3". The PCR
involved 30 cycles of 1 min at 94°C, 2 min at 50°C and
2 min at 70°C. Products were analyzed by electrophor-
esis on a 1% agarose gel. A band of 230 bp indicated
the GSTM1 wild-type allele; this band was missing for
patients who were homozygous null (GSTMI*0).
GSTTI genotype was determined according to the
PCR-RFLP method (Pemble e 2/, 1994). A 350 bp
fragment from G8777 was amplified along with a
268 bp fragment from B-globin by PCR using primers
5" TGTAAAACGACGGCCAGTCCCATGAGGTCAT
TCTGAAG-3" and 5-CAGGAAACAGCTATGACC
TAAAGGACACAAGGCCTCAG-3', B-globin: 5'-CAA
CTTCATCCACGTTCACC-3" and 5-GAAGAGCC
AAGGACAGTTAC-3' in a reaction containing 20 ng of
genomic DNA, 15 mmol Tris-HCI, 50 mmol KCI,
1.5 mmol MgCl,, 0.8 um deoxyribonucleoside tripho-
sphate (AN'TP) mix, 0.5 um of each primer and 0.5U
AmpliTaq gold DNA polymerase. PCR cycling condi-
tions were three cycles of 94°C for 30s, 62°C for 30 s
and 72°C for 30 s, followed by three cycles of 94°C for
30 s, 60°C for 30 s and 72°C for 30 s, and then followed
by 30 cycles of 94°C for 30 s, 58°C for 30 s and 72°C for
30s. The PCR products were treated with Msel
restriction endonuclease at 37°C for 2h (NEB), and
electrophoreses on a 4% Seakem agarose gel in 1X
TAE for 3h at 70 V to detect the T824C transition in
the 3" UTR of GSTTI. The C/C homozygote yielded a
band at 350 bp, while the T/T homozygote yielded
bands sized 215bp and 135bp. A P-globin-specific
fragment was used as a positive control to confirm that
the PCR reaction had worked properly. The presence
of a 268 bp fragment corresponding to -globin and the
absence of the 350 bp product signified a null allele.

The GSTM3 genotype was determined according to the
PCR-RFLP method described by Inskip ez a/. (1995).
First, a 273 bp fragment spanning exons 6 and 7 of
GSTM3 was amplified using the primers 5-CCTCAG
TACTTGGAAGAGCT-3" and 5'-CACATGAAAGCC
TTCAGGTT-3". The PCR products were treated with
Mnl I restriction endonuclease at 37°C for 2 h (NEB)
and then electrophoresed on a 4% agarose gel in 1X
TAE for 4 h at 60 V in order to detect the 3 bp deletion
in intron 6. The 273 bp fragment was then digested
into four fragments of sizes 125 bp, 86 bp, 51 bp and



11 bp; the 270 bp fragment (containing the three nu-
cleotide deletions) was digested into three fragments of
sizes 134 bp, 125 bp and 11 bp. GSTPI genotype was
determined according to the PCR-RFLP method of
Watson ez al. (1998). Briefly, a 329 bp fragment of exon
5 was amplified by PCR using primers: 5'-
GTAGTTTGCCCAAGGTCAAG-3' and 5'-AGCCA
CCTGAGGGGTAAG-3" in a reaction containing 1 pug
genomic DNA, 10 mmol Tris-HCI (pH 8.3), 50 mmol
KCl, 1.5 mmol MgCl;, 0.2 mmol of each dN'TP, 0.5 pg
primer, and 1.2 U Taq DNA polymerase. The PCR
product was digested with 5 U Alw261 at 37°C for 3 h
in order to detect the G313A. Ilel05 homozygotes
produce bands at 329 bp and 113 bp; Vall05 homozy-
gotes yield bands at 216 bp, 113 bp and 107 bp; and Ile/
Val heterozygotes yield bands at 329 bp, 216 bp, 113 bp
and 107 bp.

Data were available from blood samples for 289 pa-
tients for the GSTMI genotype, 279 patients for the
GSTTI genotype, 290 patients for the GSTPI genotype
and 278 patients for the GSTM3 genotype. Data were
available from tumor samples for 58 patients for
GSTM1, 14 patients for GSTT1, 10 patients for GSTPI
and 14 patients for GS7M3. Data were available from
blood samples on 426 control subjects for GSTM1, 418
control subjects for GSTT17, 421 control subjects for
GSTPI and 417 control subjects for GSTM3. Subse-
quent statistical analyses, restricted to patients whose
DNA sample came from blood, gave results that were
very similar to analyses that used all the available data;
here, we present results using all data.

Statistical analysis

Odds ratios and 95% confidence intervals, which were
used to estimate the association between stomach
cancer and GST genotypes and other risk factors, were
calculated via unconditional logistic regression using
SAS 6.12 (SAS Institute Inc., Cary, NC, USA). Odds
ratios adjusted for known or suspected stomach cancer
risk factors (i.e. age, gender, education, pack-years of
cigarette smoking, family history of stomach cancer,
years lived on a farm and fruit intake) were similar to
odds ratios adjusted for only age and gender. Because
further adjustment for Helicobactor pylori infection,
body mass index (BMI) and interleukin-1 polymorph-
isms had no important effect on results, we did not
adjust for these in the analysis presented here.

Pack-years of cigarette smoking were computed by
multiplying the number of packs of cigarettes smoked
per day by the total years of smoking. Gene—gene and
gene—smoking multiplicative interactions were evalu-
ated by the likelihood ratio test, comparing the good-
ness of fit of the model with and without the
interaction term. Interactions between GS7T genotypes
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and family history of stomach cancer could not be
evaluated because of small numbers. We tested for an
interaction between GS8ST7T7 genotype and age by
evaluating the age trend in the GS771 effect. To
accomplish this, we created a variable that had a zero
value for all patients except for GST77 nulls aged 21—
49 years, 50-59 years, 60—69 years and = 70 years, who
were assigned values 1, 2, 3 and 4 respectively.

Results

In order to assess potential selection bias due to
differential availability of blood samples, we compared
selected demographic and lifestyle characteristics in
subjects who provided blood samples with those in
subjects who did not (Table 1). There were no
statistically significant differences between patients
with or without blood samples for either stomach
cancer patients or control subjects. Patients with blood
samples tended to have slightly higher BMIs than those
without blood samples. Control subjects with blood
samples tended to have fewer pack-years of cigarette
smoking than control subjects without blood samples.

Odds ratios for stomach cancer associated with GS7T
genotypes are presented in Table 2. The GS77TI null
genotype was associated with a borderline significant
increase in risk of stomach cancer (odds ratio 1.48; 95%
confidence interval 0.97-2.25). We observed no associa-
tion with the other genotypes examined, although risk
was reduced among those with GSTP/ mutant alleles
(Table 2). We found no evidence for significant inter-
actions between the different GST genotypes and risk
of stomach cancer (data not shown). Among stomach
cancer patients, we observed no significant relationship
between the GST77 null genotype and tumor grade
(x> = 3.05; P=0.81; data available for 152 patients),
stage (x> =2.49; P=0.29; data available for 225 pa-
tients), tumor site (i.e. cardia, distal and combined:
v =0.67; P=0.72; data available for 282 patients) or
Lauren classification (i.e. intestinal, diffuse and indeter-
minate: ¥* = 2.13, P = 0.35; data available for 276 pa-
tients).

The risk associated with the G877/ null genotype
varied with age at diagnosis (Table 3). This is consis-
tent with the clear trend of decreasing GS777 null
genotype prevalence with increasing age among the
stomach cancer patients but not among the control
subjects. Similar results were obtained after stratifica-
tion by tumor grade, stage, site and Lauren classifica-
tion groups (data not shown).

Table 4 shows the GSTT1 genotype by smoking status.
There was some suggestion that current smoking was
more strongly associated with stomach cancer among
GSTTI null patients than among GST717 positive pa-
tients. Compared to GST77 positive non-smokers (odds
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Table1 Distribution of selected variables in gastric cancer cases and controls by blood sample availability

Gastric cancer n (%)

Control subjects n (%)

With sample Without sample With sample Without sample
n =304 n=160 n =427 n=>53
Age (years)
21-50 39(12.8) 17 (10.6) 2(12.2) 7(13.2)
50-59 54 (17.8) 21 (13.1) 4(17.3) 10 (18.9)
60-69 119 (39.1) 57 (35.6) 169 (39.6) 16 (30.2)
70-79 92 (30.3) 65 (40.6) 132 (30.9) 20 (37.7)
x2 Pvalue 0.14 0.60
Gender
Male 200 (65.8) 102 (63.8) 275 (64.4) 39 (73.6
Female 104 (34.2) 58 (36.3) 152 (35.6) 14 (26.4)
¥2 Pvalue 0.66 0.19
Education
Less than high school 144 (47.4) 62 (38.8) 160 (37.5) 23 (43.4)
High school or technical training 99 (32.6) 57 (35.6) 130 (30.4) 18 (34.0)
Some college/college graduate 61 (20.1) 41 (25.6) 137 (32.1) 12 (22.6)
x? Pvalue 0.17 0.37
Smoking status
Never 84 (27.9) 54 (36.7) 171 (40.1) 14 (26.9)
Ex-smokers 123 (40.9) 49 (33.3) 143 (33.5) 22 (42.3)
Current smokers 94 (31.2) 44 (29.9) 113 (26.5) 16 (30.7)
x? Pvalue 0.14 0.18
Cigarette smoking (pack-years)
0 84 (28.0) 54 (34.6) 171 (40.1) (27.5)
20 <40 59 (19.7) 23 (14.7) 83 (19.5) 8(15.7)
=40 157 (52.3) 79 (50.6) 172 (40.4) 29 (56.9)
x2 Pvalue 0.23 0.08
Fruit intake
Daily or several times/week 133 (46.3) 49 (47.1) 206 (48.4) 29 (55.8)
Several times/month 99 (35.2) 30 (28.9) 141 (33.1) 17 (32.7)
Few times/year or never 52 (18.5) 25 (24.0) 79 (18.5) 6(7.1)
x? Pvalue 0.35 0.41
Body mass index (kg/m?)
< 2831 64 (21.1) 42 (26.3) 107 (25.1) 14 (26.4)
23.1-25.4 84 (27.6) 42 (26.3) 108 (25.3) 14 (26.4)
25.5-28.1 79 (26.0) 50 (31.3) 110 (25.8) 9(17.0)
> 28.1 77 (25.3) 26 (16.3) 102 (23.9) 16 (30.2)
x2 Pvalue 0.10 0.52
Table2 GSTM1, GSTT1, GSTP1 and GSTM3 genotypes and the risk of stomach cancer
Genotypes? Cases Control subjects Odds ratio® 95% confidence interval Odds ratio® 95% confidence interval
GSTM1
Positive 180 204 1.00 reference 1.00 reference
Null 167 222 0.85 (0.64-1.13) 0.92 (0.67-1.26)
GSTT1
Positive 233 352 1.00 reference 1.00 reference
Null 60 66 1.37 (0.983-2.02) 1.48 (0.97-2.25)
GSTP1
AA 142 177 1.00 reference 1.00 reference
AG 133 202 0.82 (0.60-1.12) 0.74 (0.52-1.04)
GG 25 42 0.74 (0.43-1.27) 0.67 (0.37-1.20)
GSTM3
AB or BB 74 108 1.00 reference 1.00 reference
AA 218 309 1.08 (0.73-1.46) 0.99 (0.68-1.44)

2number of cases genotyped from tumor DNA: GSTM1 58; GSTT1 14; GSTP1 10; GSTM3 14; Padjusted for age and gender; ®adjusted for age, gender, education,

tobacco smoke, years lived on a farm, fruit intake and family history of stomach cancer.

ratio = 1.0), odds ratios for ex-smokers and current
smokers among GS7T77 positive patients were 1.75 and
1.54, respectively, while among GS777 null patients,

odds ratios for non-smokers,

ex-smokers and current

smokers were 1.18, 2.27 and 3.08, respectively. How-
ever, no significant interactions were observed between

GSTTI genotype and smoking status,

pack-years of

smoking or age at which the patient started smoking.

Discussion

We carried out a population-based case—control study
of stomach cancer in Warsaw, Poland, and observed a
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Table3 GSTT1 genotype and risk of stomach cancer by age at diagnosis
Cases Control subjects
Odds ratio® (95% Odds ratio® (95%

Age Positive n (%) Null n (%) Positive n (%) Null n (%) confidence interval) confidence interval)
21-49 24 (66.7) 12 (33.3) 44 (86.3) 7 (18.7) 3.04 (1.05-8.80) 3.85 (0.87-11.11)
50-59 39 (75.0) 13 (25.0) 63 (86.3) 10 (13.7) 2.20 (0.87-5.57) 1.91 (0.65-5.62)
60-69 91 (78.5) 25 (21.6) 138 (85.2) 24 (14.8) 1.70 (0.91-3.20) 1.78 (0.89-3.54)
=70 79 (88.8) 10 (11.2) 107 (81.1) 25 (18.9) 0.52 (0.23-1.17) 0.59 (0.23-1.49)
Total 233 60 352 66

P=0.03° P =0.66° P for trend = 0.009¢ Pfor trend = 0.01¢

aAdjusted for age and gender; Padjusted for age, gender, education, tobacco smoke, years lived on a farm, fruit intake and family history of stomach cancer; °y? test for
difference in distribution between GSTT7 positive and null patients; 9trend for interaction of GSTT7 with increasing age was assessed via a grouped linear variable in
which the group values were assigned in increasing order as follows: (1) all GSTT1 positive patients; (2) GSTT1 null patients: aged <50; 50-59; 60-69; and = 70
years. For interaction between GSTT1 and age expressed as a continuous variable, P = 0.03.

Table 4 Stomach cancer risk in relation to GSTT7 genotype and tobacco smoking status?®

GSTT1 and smoking status Cases Control subjects Odds ratio® 95% confidence interval Odds ratio® 95% confidence interval
GSTT1 positive
Non-smoker 66 139 1.00 Reference 1.00 Reference
Ex-smoker 98 120 1.84 (1.21-2.81) 1.76 (1.07-2.86)
Current smoker 67 93 1.62 (1.02-2.56) 1.54 (0.94-2.53)
GSTT1 null
Non-smoker 17 30 1.19 (0.61-2.31) 1.18 (0.568-2.40)
Ex-smoker 19 20 2.15 (1.06-4.37) 2.27 (1.05-4.89)
Current smoker 24 16 3.35 (1.63-6.85) 3.08 (1.45-6.54)

2Interaction between GSTT7 genotype and smoking status, P = 0.32; Padjusted for age and gender; ®adjusted for age, gender, education, tobacco smoke, years lived

on a farm, fruit intake and family history of stomach cancer.

borderline significant increased risk for stomach cancer
associated with the GST717 null genotype. We found no
association between stomach cancer risk and either
GSTM1 or GSTM3 genotypes.

The findings of the three published studies on GST7T7
null genotype and stomach cancer are inconsistent, with
two reporting no association and one reporting in-
creased risk (Table 5). Deakin ez a/. (1996) reported no
association among 114 stomach cancer patients and 509
control subjects in a multi-cancer (lung, oral, gastric
and colorectal) hospital-based study with both case and
control samples collected from a hospital in the United
Kingdom. Katoh er a/. (1996) carried out a hospital-
based case-control study in Japan and reported no
increased risk associated with the GST77 null genotype
among the 139 stomach cancer patients and 126 control
subjects (odds ratio =1.13; 95% confidence interval
0.70-1.83). In contrast, a recent population-based case—
control study of gastric cancer in China (Setiawan ez a/.,
2000) observed an odds ratio for the GS777 null
genotype of 2.50 (95% confidence interval 1.01-6.22).

Several limitations of the hospital-based studies may
have contributed to the observed heterogeneity of the
results. Neither study accounted for confounders such
as smoking and age in the risk estimates. Also, the
selection of control subjects may have biased risk
estimates since diseases exhibited by hospital- or clinic-
based control patients may be related to GST77 geno-

type. Diseases reported to be associated with the
GSTT1 genotype include senile cortical cataract
(Juronen ez al., 2000), asthma and tuberculosis (Kim ¢
al., 1998).

The results of this study suggest that the effect of
GSTTI on stomach cancer risk varied with age, with the
greatest relative risks at younger ages. This was due to
a gradient of decreasing GST77 null genotype preva-
lence with increasing age among stomach cancer pa-
tients, but not among control subjects. Although we are
unaware of any other studies reporting this relationship
between GST71 and age at diagnosis of stomach cancer,
this finding is in agreement with several studies of
other cancer sites. Chenevix-Trench e a/. (1995) re-
ported that GST71 null homozygotes were significantly
more common among patients with sporadic colorectal
cancer diagnosed before 70 years of age than among
those with cancer diagnosed at older ages. Other case—
control studies of colorectal cancer (Welfare ez a/., 1999)
and head and neck carcinoma (Cheng er al., 1999)
found that the GS777 null genotype was less common
with advancing age in both cancer patients and control
subjects, but the age gradient was stronger in cancer
patients than in control subjects. There is an alternative
explanation: a fairly modest elevation, consistent across
age, in absolute risk for stomach cancer due to the
GSTTT1 null genotype may be obscured on the relative
risk scale by the increasing risk among GS77 non-null
subjects with age.
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